INTRODUCTION
Record floods devastated many communities along rivers and streams in the Red River of the North (Red River) and Missouri River Basins in North Dakota and western Minnesota during the spring of 1997. Record snowfall over much of the region during the winter of 1996-97 along with added precipitation from a late-spring blizzard on April 5-6, 1997, caused the worst flooding in several areas in more than 100 years. Thousands of people were forced to flee their homes, some permanently, as floodwaters and severe weather caused nearly 2 billion dollars in damages to the region.
The U.S. Geological Survey (USGS), one of the principal Federal agencies responsible for the collection and interpretation of waterresources data, works with other Federal, State, and local agencies to ensure that accurate and timely data are available for making decisions regarding the public's welfare (a listing of cooperators in the Red River Basin is given on page 8). This report presents preliminary water-resources data on the 1997 floods that were obtained from selected streamflowgaging stations located in the Red River and Missouri River Basins ( fig. 1 ).
WINTER OF 1996-97
The winter of 1996-97 was one of the most brutal on record for the upper Great Plains. Record snowfalls were recorded throughout North Dakota and western Minnesota, creating conditions conducive to major flooding. The heaviest snowfalls occurred along the main stems of the Red River and the Missouri River and were about Little Missouri River, western North Dakota. 300 percent of normal, which is about 35 to 40 inches (in.) during a typical year ( fig. 2 ). In the winter of 1996-97, Fargo. N. Dak., and Moorhead, Minn., located on the Red River, reported about 117 in. of snowfall, and Grand Forks, N. Dak., and East Grand Forks, Minn., also located on the Red River, reported more than 98 in. of snowfall. In south-central North Dakota, Bismarck, located on the Missouri River, reported about 101 in. of snowfall. Elsewhere in the region, snowfalls were well above the seasonal averages ( fig. 3 ).
In the spring, snowmelt and warm temperatures generally begin in southwestern and western North Dakota and move northeast across the State into Minnesota. In the winter of 1996-97, melting of the snowpack and thawing of the ice began in late March on rivers and streams in the region but were inhibited by a late-spring blizzard that occurred on April 5-6, 1997. This blizzard brought a severe drop in temperatures, winds up to 70 miles per hour (mi/h), and up to 2 feet (ft) of snow with drifts many feet higher in several areas. In southeastern North Dakota and southwestern Minnesota, the blizzard was preceded by wind-driven rain and sleet. The wind and ice toppled trees and power lines, leaving thousands of people without power for days. Loss of power also inhibited the ability of the USGS to collect and transmit data from several streamflow-gaging stations in the region. The additional moisture brought by the blizzard added to the increasing streamflows (flows) in the Red River and Missouri River Basins.
FLOODS OF 1997
Flooding in North Dakota and western Minnesota usually is caused by spring snowmelt, and the severity of the flooding is affected by (1) substantial precipitation in the fall that produces high levels of soil moisture, (2) above-normal snowfall in the winter, (3) , 1997.] moist, frozen ground that prohibits infiltration of moisture, (4) a late spring thaw, (5) abovenormal precipitation during spring thaw, and (6) ice jams (temporary dams of ice) on rivers and streams. Many of these conditions were present in the Red River and Missouri River Basins before and during the floods of 1997.
Stream stages (height of water in a stream above an arbitrarily established datum) and flows measured by USGS personnel at streamflow-gaging stations are used to define a unique relation between stage and flow. This relation, commonly called a rating curve, may not be well defined at extreme high flows because the flows are rare events of short duration and have unstable conditions that often make measurement extremely difficult. Therefore, estimates for some peak flows need to be extrapolated from rating curves extended to known peak stages. The peak flows are used to determine the probability, often expressed in recurrence intervals, that a given flow will be exceeded. For example, a flood that has a 1-percent chance of exceedance in any given year would, on the long-term average, be expected to occur only about once a century; therefore, the flood would be termed the "100-year flood". However, the chance of such a flood occurring in any given year is 1 percent. Thus, a 100-year flood can occur in successive years at the same location. In some instances, recurrence interval estimates can be based on periods of regulated flow or made with historic adjustments when historic data are available.
Historical peak stages and peak flows and the 1997 peak stages, peak flows, and recurrence intervals are shown in table 1. The streamflow-gaging stations are listed in downstream order by station number, and station locations are shown in figure 1. Revisions to the current peak stages and peak flows given in this preliminary report may occur as site surveys are completed and additional field data are reviewed in the upcoming months.
Because it is difficult to accurately determine recurrence intervals, particularly for sites that have short periods of record, ranges are given within which the recurrence intervals for the 1997 floods are likely to fall (table 1) . A study of the Red River Basin hydrology that includes an analysis of both systematic and historic peaks is planned. The goal of the study will be to reduce the uncertainty in the estimated recurrence intervals given in this preliminary report.
Red River of the North Basin
The Red River Basin includes eastern and north-central North Dakota and western Minnesota. The headwaters of the Red River are in northeastern South Dakota, and the mouth is in Canada. At Emerson. Manitoba, near the Canadian boundary, the drainage area for the Red River Basin is about 40,200 square miles (mi2). The basin is relatively flat and has a shallow river channel. The Red River is one of the few rivers in the United States to flow directly north. Because of the flatness of the basin, the shallow river channel, and the northerly flow, the timing of spring thaw and snowmelt can greatly aggravate flooding. Snow in the headwaters of the Red River Basin begins to melt first, when areas downstream remain largely frozen. This melt pattern can cause ice jams to form, and substantial backwater (water that is retarded, backed up, or turned back in its course because of an obstruction or an opposing current) can occur as flow moves north toward the ice jams and frozen river-channel ice.
Recurrence intervals for peak flows on the main stem of the Red River ranged from 50 to 500 years. On April 6, 1997, the stage of the Red River at Wahpeton, N. Dak., was 19.42 ft, which is 1.47 ft higher than the record set in 1989. On April 15, 1997, 9 days later, flow was 12,800 cubic feet per second (ft /s), and the stage was 19.22 ft. The recurrence interval for the April 15 peak flow was between 100 and 200 years. On April 8,1997, most of the 1,700 people in Ada, Minn.. were forced to flee their homes as overland flow from the flooding Marsh and Wild Rice Rivers inundated the town. Freezing temperatures from the late-spring blizzard caused a layer of ice to form over the flooding waters, trapping and then suffocating livestock. On April 17,1997, flow on the Red River at Fargo, N. Dak., and Moorhead, Minn., was 28,000 ft3/s. The recurrence interval for this peak flow was between 50 and 100 years. On April 18,1997, the stage was 39.62 ft, which exceeded the record of 39.10 ft set 100 years earlier. 
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Grand Forks, N. Dak., was 136,900 ft3/s, and the stage was 52.21 ft, which is more than 2 ft higher than the record set in 1897. In addition to flow on the main stem, peak flow on many rivers and streams tributary to the Red River had 10-year or greater recurrence intervals during the 1997 floods. The recurrence interval for flow on the Bois de Sioux River near White Rock, S. Dak., was between 200 and 500 years, and the recurrence interval for flow on the Wild Rice River at Twin Valley, Minn., was between 100 and 200 years. The recurrence interval for flow on the Red Lake River at Crookston, Minn., was between 50 and 100 years. The Red Lake River normally accounts for almost 35 percent of the Red River's flow.
Devils Lake is a closed subbasin within the Red River Basin. Devils Lake discharges no water until the lake level reaches 1,457 ft above sea level (asl), the lowest outlet elevation. Since 1993, the lake level has risen rapidly in response to above-normal precipitation and runoff. The rising water has inundated homes, businesses, and agricultural lands and has caused roads to be closed. On April 16,1997, Devils Lake reached 1,438.4 ft asl, equaling the previous record set in 1867. Because of the heavy runoff this spring, the lake level continued rising to 1,442.97 ft asl on July 26,1997, the highest level in at least 130 years.
Missouri River Basin
The Missouri River Basin includes western and central North Dakota. The headwaters of the Missouri River are in Montana and Wyoming, and the mouth is in eastern Missouri. Of the 529,000 mi2 in the basin, about 9 percent are located in North Dakota. The Missouri River flows into North Dakota from the west and exits south into South Dakota. Flow on the river is regulated by a series of dams built on its main stem. Garrison Dam, which is located in North Dakota, was built in 1952 and is the third largest dam in the United States. The reservoir, which forms Lake Sakakawea, has a maximum capacity of 24,100,000 acre-feet (acre-ft) and is managed by the U.S. Army Corps of Engineers who regulates the release of water from the dam. The dams were built, in part, to control flooding on the Missouri River.
In 1997. spring runoff began earlier in western and central North Dakota than in eastern North Dakota. Flow from rivers and streams tributary to the Missouri River caused the stage of the Missouri River at Bismarck, N. Dak., to continually increase through the spring and early summer. Because of heavy snowpack in the northern Rocky Mountains and a late spring thaw, high flow continued through mid-summer. On July 25,1997, the peak stage at Bismarck was 14.00 ft, which is 0.24 ft less than the post-Garrison Dam record set on December 18, 1979. Flow on July 25, 1997, was 59,600 ft3/s, which was the second highest flow since the completion of Garrison Dam. The recurrence interval for the peak flow was between 50 and 100 years. In order to accommodate the higher flow through the main-stem system, the U.S. Army Corps of Engineers continued releasing about 59,000 ft3/s at Garrison Dam for several weeks.
In addition to flow on the main stem, peak flow on many rivers and streams tributary to the Missouri River had recurrence intervals exceeding 10 years Ice jams on many of the rivers and streams caused flooding in several areas in western and central North Dakota. The Knife River flooded several homes in Beulah, N. Dak. On March 23, 1997, flow on the Knife River at Hazen, N. Dak., was 20,400 ftrVs, and the stage was 26.93 ft, which is 0.08 ft less than the record set in 1966. The recurrence interval for the March 23 peak flow was between 25 and 50 years. On March 24, 1997, flow on Cedar Creek near Raleigh, N. Dak., was 13,700 ft /s, and the stage was 14.18 ft, which is 0.23 ft higher than the record set in 1978. The recurrence interval for the March 24 peak flow was between 50 and 100 years. On March 24, 1997, flow on the Cannonball River at Breien, N. Dak., was 27,800 ft3/s, and the stage was 20.28 ft, which is about 2 ft less than the peak of record. The recurrence interval for the March 24 peak flow was between 25 and 50 years. The Cannonball River was responsible for flooding areas in Mott, N. Dak.
